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(54) TiUe: EMBOLECTOMY CATHETERS AND METHODS FOR TREATING STROKE AND OTHER SMALL VESSEL THROM- 
BOEMBOLIC DISORDERS 

(57) Abstract 

Embolectomy catheters, rapid exchange mi- 
crocatheters, systems and methods for removing 
obstructive matter (e,g., thrombus, thromboemboli, 
embolic fragments of atherosclerotic plaque, for- 
ein objects, etc.) from blood vessels. This inven- 
tion is particularly useable for percutaneous removal 
of thromboemboli or other obstructive matter from 
small blood vessels of the brain, during an evolv- 
ing stroke or period of cerebral ischemia. In some 
embodiments, the embolectomy catheters of this in- 
vention are advanceable over a guide wire which has 
been pre-inserted through or around the obstructive 
matter. Also, in some embodiments, the embolec- 
tomy catheters include obstructive matter capturing 
receptacles which are deployable from the catheter 
after the catheter has been advanced at least par- 
tially through the obstructive matter. Such obstruc- 
tive matter capturing receptacles may include i) at 
least one proximal strut which is designed to be re- 
tractable through a blood clot and ii) a distal mat- 
ter-receiving portion which is designed to prevent a 
blood clot from passing therethrough. 




FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCX on the front pages of pamphlets publishing intemational applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


Fl 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


CN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Paso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cdte d*Ivoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


POfiugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Gennany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmait 


LK 


Sri Lanica 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







wo 99/56801 



PCT/US99/09S66 



-1- 

EaflBOLECTOMY CATHETERS AND METHODS FOR TREATING STROKE 
AND OTHER SMALL VESSEL THROMBOEMBOLIC DISORDERS 



FIELD OF THE INVENTION 
The present invention relates generally to medical methods and devices, 
and more particularly to thrombolectomy catheters, and methods for using such 
thromboiectomy catheters, for removing blopd clots or other matter from the 
lumens of blood vessels or other anatomical conduits. 

BACKGROUND OF THE INVENTION 

Various types of thromboembolic disorders, such as stroke, pulmonary 
embolism, peripheral thrombosis, atherosclerosis, and the like, are knovwn to occur 
in human beings and other mammals. Such thromboembolic disorders are typically 
characterized by the presence of a thromboembolus (i.e., a viscoelastic blood clot 
comprised of platelets, fibrinogen and other clotting proteins) which has become 
lodged at a specific location in a blood vessel. 

In cases where the thromboembolism is located in a vein, the obstruction 
created by the thromboembolus may give rise to a condition of blood stasis, with the 
development of a condition known as thrombophlebitis within the vein. Moreover, 
peripheral venous embolisms may migrate to other areas of the body where even 
more serious untoward effects can result. For example, the majority of pulmonary 
embolisms are caused by emboli that originate in the peripheral venous system, and 
which subsequently migrate through the venous vasculature and become lodged 
with the lung. 

In cases where the thromboembolus is located within an artery, the normal 
flow of arterial blood may be blocked or disrupted, and tissue ischemia (lack of 
available oxygen and nutrients required by the tissue) may develop. In such cases, 
if the thromboembolism is not relieved, the ischemic tissue may become infarcted 
(i.e., necrotic). Depending on the type and location of the arterial thromboembolus. 
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such tissue infarction can result in death and amputation of a limb, myocardial 
infarction, or stroke. Notably, strol<es caused by thromboemboli which become 
lodged In the small blood vessels of the brain continue to be a leading cause of 
death and disability, throughout the world. 

In modem medical practice, thromboembolic disorders are typically treated 
by one or more of the following treatment modalities: 

a) pharmacologic treatmentv/herem thrombolytic agents (e.g., 
streptokinase, urokinase, tissue plasminogen activator (TPA)) and/or 
anticoagulant drugs (e.g., heparin, warfarin) are administered in an 
effort to dissolve and prevent further growth of the clot: 

b) open surgical procedures (e.g., surgical embdectomy or clot 
removal) wherein an incision is made in the blood vessel in which the 
clot is lodged and the clot is removed through such 
incision-sometimes with the aid of a balloon-tipped catheter (e.g., a 
"Fogarty Catheter") which is passed through the incision and into the 
lumen of the blood vessel where its balloon is inflated and used to ' 
extract the clot out of the incision; and. 

c) transluminal catheter-based interventional procedures 
wherein a dot removing/disropting catheter (e.g., a suction-type 
catheter ttaving a suction tip, dot-capturing type catheter having a clot 
capturing receptacle (e.g.. a basket, coil, hook, etc.), or dot- 
disrupting cattieter having a dot disrupting apparatus (e.g., an 
ultrasound probe or laser)) is percutaneously inserted and advanced 
through the patient s vasculature to a location adjacent the clot. The 
suction tip, dot capturing receptacle or clot disrupting apparatus is 
used to aspirate, capture & remove, disrupt or ablate the offending 
dot. 
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Each of the above-listed treatment modalities has its own set of advantages 
and disadvantages. For example, pharmacologic treatment has the advantage of 
being non-invasive and is often effective in lysing or dissolving the clot. However 
the thrombolytic and/or anticoagulant dnjgs used in these phannacologic treatments 
can cause untoward side effects such as bleeding or hemorrhage. Also, in cases 
where time is of the essence, such as cases where an arterial thromboembolism is 
causing severe tissue ischemia (e.g.. an evolving stroke or an evolving myocardial 
.nfarction) the time which may be required for the thrombolytic drugs to fully lyse or 
dissolve the blood clot and restore arterial blood flow may be too long to avoid or. 
minimize the impending infarction. 

Open surgical thrombus-removing procedures can. in many cases, be used 
to rapidly remove clots from the lumens of blood vessels, but such open surgical 
procedures are notoriously invasive, often require general anesthesia, and the use 
of such open surgical procedures is generally limited to blood vessels which are 
located in surgically accessible areas of the body. For example, many patients 
suffer strokes due to the lodging of blood clots in small arteries located in surgically 
.naccessible areas of their brains and. thus, are not candidates for open surgical 
treatment. 

Transluminal, catheter-based interventional procedures are minimally 
.nvasive. can often be perfomied without general anesthesia, and can in some 
cases be used to rapidly remove a clot from the lumen of a blood vessel. However 
such catheter-based interventional procedures are highly operator-skill-dependent' 
and can be difficult or impossible to perform in small or tortuous blood vessels 
Thus, patients who suffer strokes due to the presence of clots in the small, tortuous 
arlenes of their brains may not presently be candidates for catheter-based 
transluminal removal of the clot, due to the small size and tortuosity of the arteries 
in which their clots are located. 

In concept, the trasluminally deployable clot capturing type of catheters could 
be useable in ischemic strokes, because they are typically capable of removing an 
offending blood clot without the need for suction or application of energy (e g laser 
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ullrasound) which could be injurious to the delicate.- small blood vessels of the brain. 
However, none of the prior art trasluminaily deployable clot capturing type of 
catheters are believed to be of optimal design for use in the small blood vessels of 
the brain because they are a) not equipped with appropriate guidewire passage 
lumens to allow them to be passed over previously inserted, small-diameter (e.g.. 
0.006-0.018 inch) guidewires. b) they are not adapted for rapid exchange over a 
guidewire of standard length (e.g.. a guidewire which is less than twice the length 
of the catheter) and c) the clot capturing receptacles of these catheters are not 
optimally constructed and configured for removal of clots from very small blood, 
vessels as are typically found in the brain. 

Examples of transluminally deployable clot-capturing type embolectomy 
catheters of the prior art include those described in United States Patent Nos. 
4.706.671 (Weinrib). 4.873.978 (Ginsburg). 5.011.488 (Ginsburg) and PCT 
International Patent Publication No. WO 97/27808(Wensel. et al.). However, for the 
reasons stated above and/or other reasons, none of these prior art embolectomy 
catheters are believed to be optimally designed for treating ischemic stroke. 

Thus, there exists a need for the development of new transluminally 
insertable. clot-capturing type embolectomy catheters which are advanceable and 
exchangeable over pre-inserted small diameter guidewires. and which are 
constnjcted to rapidly and selectively remove blood clots or other matter from small, 
delicate blood vessels of the brain, so as to provide an effective treatment for 
evolving strokes and other thromboembolic disorders. 

SUMMARY OF THE INVENTION 
The present invention generally comprises an embolectomy catheter device 
and method for removing blood clots or other matter from the lumens of blood 
vessels or other anatomical conduits of a mammalian body. The embolectomy 
catheters and methods of the present invention are particularly suitable for use in 
removing clots or thromboemboli from small arteries of the mammalian brain to 
prevent or minimize the severity of stroke. 
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A. Embolectomy Catheters oi the Present Invention 
An embolectomy catheter dewce of the present invention generally 
comprises; a) an elongate, pliable clot penetrating catheter which is advanceable, 
distal end first, through the clot or other obstructive matter (e.g., thrombus, 
thromboembolus, peices of detached atherosclerotic plaque, foreign matter, etc.) 
which is to be removed, and b) a matter capturing receptacle which is deployable 
from the distal end of the catheter after it has been advanced through the 
obstructive matter, to capture and fadiitate removal of the obstructive matter. The 
matter capturing receptacle is initially disposable in a first or stowed configuration . 
wherein the receptacle is in a radially collapsed condition and contained upon or 
within the catheter or othenwise sufficiently compact to pass through the clot or other 
obstructive matter. Thereafter, the matter capturing receptacle is deployable (e.g.. 
advanceable, projectable and/or expandable) from the catheter such that it 
assumes a second or expanded configuration wherein the receptacle may receive 
and at least partially surround the distal aspect of the clot or other obstructive matter 
so as to facilitate extraction and removal of the blood clot or other obstructive matter 
along with the catheter. 

A gutdewire lumen may extend longitudinally through the entire length of the 
catheter (I.e., an 'over-the-wire" embodiment) or through only a distal portion of the 
catheter or through an attached guldewire receiving loop/projection (i.e., a "rapid 
exchange" embodiment). In either of these embodiments of the catheter, the 
guidewire lumen may extend through the matter capturing receptacle such that the 
catheter (with its matter capturing receptacle in its collapsed or stowed 
configuration) may be advanced over a guidewire which has previously been 
passed through the vessel-obstructing clot or other obstmctive matter. Such 
an-angement of the guidewire lumen additionally allows the embolectomy catheter 
to be exchanged (e.g.. removed and replaced with another embolectomy catheter 
or another type of catheter) if such exchange should become necessary or 
desirable. This ability to allow the guidewire to remain positioned through the 
offending clot or other obstructive matter may sen/e to ensure that the catheter or 
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its replacement can be re-advanced through the clot or other ot^structive matter to 
its desired position. 

The matter capturing receptacle of the catheter may comprise a distal 
obstructive matter-engaging portion (e.g., a coil, basket or concave member) of 

5 porous construction (e.g., a woven, coiled or mesh structure formed of wire, fiber 
or fabric), which is attached to the catheter by way of one or more proximal struts 
(e.g. connector members (e.g.. a plurality of thin wires or struts). Initially, with the 
matter capturing receptacle disposed in its first (e.g., collapsed or stowed) 
configuration, the distal end of the catheter is advanced through the clot or other. 

10 obstructive matter. After the catheter has been advanced through the clot or other 
obstructive matter, the matter capturing receptacle is moved to its second (e.g., 
expanded or operative) configuration, such that the distal obstructive matter 
-engaging portion 1 6 of the receptacle will contact and/or at least partially surround 
the distal aspect of the clot or other obstmctive matter. The distal obstructive matter 

15 -engaging portion of the receptacle is preferably of permeable construction to permit 
blood to flow therethrough, but is sufficiently dense (i.e.. sufficiently impermeable) 
to prevent the clot or other obstructive matter from passing therethrough. In this 
manner, the distal obstructive matter-engaging portion of the receptacle is useable 
to retract or draw the clot or other obstructive matter, in the proximal direction, from 

20 its then-present location. The proximal strut(s) which extend between the receptacle 
to the catheter are typically of radially splayed or outwardly angled configuration and 
is/are preferably configured, oriented and positioned so as to slice, cut or otherwise 
pass through the matter of the clot or other obstructive matter, when deployed at a 
sit distal to the clot or other obstructive matter and subsequently retracted in the 

25 proximal direction. To assist such proximal strut(s) in passing through the clot or 
other obstructive matter, energy (e.g., radio-frequency energy, vibration, heat, etc) 
may be applied to the proximal strut(s) during their proximal retraction through the 
clot or other obstructive matter. 

A contrast medium injection port may be formed on the proximal portion of 

30 the embolectomy catheter, to allow radiographic contrast medium (e.g., dye) to be 
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Injected through the catheter while a guidewire remains positioned vyithin the- 
guldewire lumen. 

B. Rapid Exchan ge Microcatheter Useable In Conjunction with 
Embolectomy Catheters of the Present Invention 
5 Further in accordance with the present invention, there is provided a rapid 

exchange microcatheter which comprises a small diameter flexible microcatheter 
of a type commonly used in neuroradiology procedures (e.g.. Prowler™ 
microcatheter. Cordis Endovascular Systems, Miami Lakes. Florida), which has 
greater flexibility at or near its distal end than at or near its proximal end. and which 
10 includes in accordance with this invention, the addition of a guidewire passage port 
formed in the sidewall of the catheter, at a spaced distance (e.g., 0.5-35 cm) from 
its distal tip. (Alternatively, a guidewire receiving loop or projection may be formed 
in the side of the catheter body.) A guidewire deflector may be formed within the 
main lumen of the catheter adjacent to the guidewire passage aperture, to deflect 
IS the proximal end of a guidewire out of the guidewire passage aperture as the 
catheter is advanced over the guidewire. The formation of such guidewire passage 
aperture and guidewire deflector allows a guidewire to be passed through only a 
distal portion of the catheter lumen. This lumen arrangement allows the 
microcatheter to be exchanged (i.e., removed and replaced by another 
20 microcatheter or an embolectomy catheter of the above-summarized design) while 
the operator holds the guidewire in place by grasping the exteriorized proximal end 
of the guldewire-even in instances where a standard length guidewire (i.e.. not an 
"exchange-length" guidewire) is used. 

C. Methods of the Presen t invention for Removing Clots or Other 

Matter from Blood Vessels 
Further in accordance with the present invention, there are provided a 
method for treating ischemic stroke caused by a thromboembolism which has 
become lodged in a small blood vessel of the brain (i.e.. blood vessels located in. 
on or around the brain). The method of the present invention may be carried out 
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using the rapid-exchange microcathelers and embolectomy catheters of the present 
invention. The preferred method generally comprises the steps of: 

A. percutaneously inserting a guidewire (alone or in combination with a guide 
catheter) into an intracranial blood vessel, using the Seldinger technique or other 

5 appropriate method of percutaneous guidewire placement; 

B. advancing a microcatheter over the guidewire, or separately from the 
guidewire, through the vasculature until the microcatheter is near the site at which 
the blood clot or other obstructive matter is located; 

C. passing radiographic contrast medium (e.g., dye) through the 
10 microcatheter under radiographic visualization to verify the exact location of the 

obstmctive matter and/or to map the vascular anatomy In the area of the 
obstruction; 

D. advancing the guidewire (or a separate small guidewire) through the 
microcatheter until such guidewire becomes located in a desired operative position 

15 relative to the obstructive matter (e.g., such that its distal end has fully or partially 
traversed or passed through the thromboembolism or other obstructive matter); 

E. withdrawing and removing the microcatheter while substantially 
maintaining the small guidewire in its operative position (e.g., preventing the 
guidewire from moving so far as to loose the access to the obstructive matter that 

20 the presence of the guidewire provides); 

F. advancing a matter-capturing type embolectomy catheter (such as an 
embolectomy catheter of the present invention) which has an obstmctive matter- 
capturing receptacle depioyabie therefrom, over the operatively positioned 
guidewire until the distal end of the embolectomy catheter has advanced fully or at 

25 least partially through the obstructive matter (e.g.. has penetrated through an 
obstructive thromboembolism); 

G. Qp//ona/// injecting radiographic contrast medium through a lumen of the 
embolectomy catheter to guide or verify the positioning of the embolectomy catheter 
relative to the lodged blood clot or other obstructive matter; 
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H. depioyjng the obstructive matter-capturing receptacle of the embolectomy 
catheter such that it assumes its second or expanded configuration at a site which 
is distal (i.e.. downstream) of the lodged blood ciot or other obstructive matter; 

I. retracting the obstructive matter-capturing receptacle such that a proximal 
portion of the receptacle (i.e.. proximal struts) passes through the thromboembolism 
and at least a portion of the clot or other obstructive matter becomes located within 
the obstructive matter-receiving portion of the obstructive matter-capturing 
receptacle: 

J. optionally injecting radiographic contrast medium through a lumen of the. 
embolectomy catheter to determine whether blood flow has been restored through 
the region of the blood vessel which had previously been deprived of blood How due 
to the presence of the clot or other obstnjctive matter; and. 

k. retracting the embolectomy catheter to remove the blood clot or other 
obstructive matter from the body (e.g.. withdrawing the embolectomy catheter and 
the extracted clot ot other obstructive matter through the percutaneous entry tract 
through which the catheter had previously been Inserted. 

Thus, by the above-summarized method of the present intention, the blood 
clot or other obstructive matter which is causing an ischemic (i.e.. thrombotic or 
embolic) stroke is removed and arterial bloodflow is restored to the region of the 
brain which had become ischemic due to the lodging on the offending blood clot or 
other obstructive matter within the blood vessel. 

Further elements, objects and advantages of the present invention will 
become apparent to those of skill in the art upon reading and understanding of the 
following detailed description of preferred embodiments and consideration of the 
25 accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of a human patient having a first embodiment 
(an "over-the-wire embodiment) of an embolectomy catheter of the present 
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Figure 1 a is a perspective view of the embolectomy catheter device of Figure 
1 operatively positioned upon a guidewire, and having fts obstructive matter- 
capturing receptacle disposed in an expanded configuration. 

Figure 2a is an enlarged longitudinal sectional view of the distal end of the 
over-the-wire embolectomy catheterof Figure 1 with its obstnjctiye matter- capturing 
receptacle in a first or stowed position. 

Figure 2b is an enlarged, broken, longitudinal sectional view of the distal end 
of the over-the-wire embolectomy catheter of Figure 1 with its obstructive 
matter-retrieving member in a distally advanced position and its obstnjctive matter- 
capturing receptacle disposed in a fully expanded configuration. 

Figure 2c is a cross-sectional view through line 2c-2c of Figure 2a. 

Figure 2d is a cross-sectional view through line 2d-2d of Figure 2a. 

Figure 2d* is a cross-sectional view through line 2d-2d of Figure 2a, modified 
to show an alternative mode of constnjcting the guide bores in the distal tip 
member, through which the wires which fomi the obstructive matter-capturing 
receptacle extend. 

Figure 3a is an enlarged, broken, longitudinal sectional view of the distal end 
of the over-the-wire microcatheter of the prior art. 

Figure 3b is an enlarged, broken, longitudinal sectional view of the distal end 
of a second embodiment (i.e., another over-the-wire embodiment) of an 
embolectomy catheter of the present invention. 

Figure 3b* is a cross-sectional view through line 3b*.3b' of Figure 3b. 

Figure 3c is an enlarged, broken, longitudinal sectional view of the distal end 
of a rapid exchange microcatheter of the present invention. 

Figure 3c' is a cross-sectional view through line 3c'-3c' of Figure 3c. 

Figure 3d is an enlarged, broken, longitudinal sectional view of the distal end 
of a third embodiment (i.e., a rapid exchange embodiment) of an embolectomy 
catheter of the present invention. 

Figure 3d* is a cross-sectional view through line 3d*-3d' of Figure 3d. 
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Figure 3e is an enlarged, longitudinal sectional view of the distal end of a 
fourth embodiment (i.e., another rapid exchange embodiment) of an embolectomy 
catheter of the present invention. 

Figure 3e' is a cross-sectional view through line 3e*-3e' of Figure 3e. 
5 Rgure 3f is an enlarged, longitudinal sectional view of the distal end of a fifth 

embodiment (i.e.. another rapid exchange embodiment) of an embolectomy 
catheter of the present invention. 

Figure 3f is a cross-sectional view through line 3f -3f' of Figure 3f. 

Figure 4 is a perspective view of the third embodiment (i.e.. a.rapid exchange . 
10 embodiment) of an embolectomy catheter of Figure 3d having a guidewire 
operatively inserted through its guidewire lumen and its obstructive matter capturing 
receptacle in its deployed, radially expanded position. 

Figure 5 is a perspective view of a first alternative obstructive matter- 
capturing receptacle which may be incorporated into any of the embolectomy 
15 catheters of the p[resent invention. 

Figure 5' is an enlarged view of portion 5" of Figure 5. 

Figure 5" shows an alternative construction for portion 5' of Figure 5. 

Figure 5a is a distal end view of Figure 5. 

Figure 5b is a perspective view of a second altemative obstructive matter- 
20 capturing receptacle which may be incorporated into any of the embolectomy 
catheters of the present invention. 

Figure 5b' is a perspective view of the second alternative obstmctive matter- 
capturing receptacle of Figure 5b having a clot captured therewithin and with its 
support spines being partially retracted into the catheter. 
25 Figure 5b" is a perspective view of the second alternative obstructive matter- 

capturing receptacle of Figure 5b having a clot captured therewithin and with its 
support spines being further retracted into the catheter so that the obstructive 
matter capturing receptacle is drawn partially around the captured clot. 
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Figure 5c is a perspective view of a third alternative obstructive matter- 
capturing receptacle which may be incorporated into any of the embolectomy 
catheters of the present invention. 

Figure 6 is a perspective view of an optional guide catheter of the present 
5 invention having a proximal obstructive matter containment apparatus operatively 
deployed therefrom, and an embolectomy catheter of the present invention 
operatively inserted therethrough. 

Figure 7 is an elevational view of a variant of the helical basket type 
obstructive matter capturing receptacle of the catheters shown in Figures 1 . 2b and 
10 4. such variant being constmcted of metal ribbon rather than wire. 

Figure 7a is a cross-sectional view through line 7a-7a of Figure 7. illustrating 
the manner in which the metal ribbons may be twisted to enhance the ability of the 
proximal strut portions to the obstmctive matter capturing receptacle to cut through 
the thromboembolic material. 

Figures 8a-8f are step-wise showings of a procedure wherein the first 
embodiment (i.e., an over-lhe-wire embodiment) of an embolectomy catheter of the 
present invention is used to remove a blood clot from a small blood vessel of a 
mammalian body. 

Figures 9a-9d are step-wise showings of a procedure wherein the third 
embodiment (i.e.. a rapid exchange embodiment) of an embolectomy catheter of the 
present invention is used to remove a blood clot from a small blood vessel of a 
mammalian body. 

The particular embodiments shown in these drawings, and additional 
embodiments of the invention, may now be better understood by reading and 
25 understanding the following detailed description wherein specific reference is made 
to the structures and steps illustrated or shown in the drawings. 
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DET AJLED DESCRIPTION OF THE INVENTION 
A. OveMhe Wire Embodiments of liie Emboiectomy Catheter Device ; 
Referring now to the drawings, wherein the showings are for the purpose of 
describing and illustrating exemplary embodiments of the present invention, and not 
for the purpose of limiting the scope of the invention. Figure 1 shows a human 
patient in whom an over the wire embodiment of the emboiectomy catheter device 
10 of the present invention has been inserted for the purpose of removing a 
thromboembolus or blood clot from a small artery located in the patient's brain. Prior 
to introduction of the catheter device 10 the offending clot had been located by . 
angiography or other imaging means, and a small (e.g.. 0.006-0.010 inch outer 
diameter) guidewire GW was inserted into the patient's femoral artery and advanced 
into the artery of the brain in which the clot is located and at least partially through 
the clot. Thereafter, the catheter device 10 was advanced over the previously 
inserted guidewire GW to a position were the distal end of the catheter device 10 
is near the clot. 

First Embodiment 

As shown in Figures 1-2e, the first embodiment of the over-the-wire catheter 
device 10 comprises an elongate, pliable catheter 11 having a clot capturing 
receptacle 14 deployable from its distal end DE. as shown. The obstructive matter- 
capturing receptacle 14 is formed of a plurality {e.g., 2 or more) wire members 20 
which are initially retractable to substantially straight configurations and a first (i.e., 
stowed) position, within the catheter 11. (See Figure 2a) When it is desired to 
deploy the obstnjctive matter capturing receptacle 1 4. the preformed wire members 
20 are advanced in the distal direction such that the emerge from the constraint of 
the catheter 11 and resiliently assume a second (i.e. operative) configuration 
wherein the distal portions of the wire members form a helical basket 16 having an 
open proximal mouth or rim 17. as shown in Figure 2b. When in such operative 
configuration (Figure 2b). the helical basket 16 is sufficiently porous to allow blood 
to flow therethrough, but sufficiently dense to engage and withdraw in the proximal 
direction, a thromboembolism. A nose cone 30 is positioned on the distal ends of 
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the wire members 18. The proximal portions 18 of the elongate wire members 20 
act as connecting members between the helical basket 16 and the catheter 1 1 . 
These proximal portions 18 of the wire members 20 are of sufficiently small 
diameter or are othen/vise configured to be retracted through a thromboembolism, 
without causing substantial disruption or segmentation of the thromboembolism.' 
In some embodiments energy (e.g. heat, vibration, etc) may be applied to the 
proximal portions 18 of the wire members 20 to facilitate their retraction through the 
thromboembolic material without causing substantial disruption or segmentation of 
the thromboembolism. 

The wire members 20 of which the capturing receptacle 14 is formed may be 
of any suitable material, such as elastic, supereiastic or shape memory alloy wire. 
The distal portions of these wire members are preformed to the shape of the helical 
basket 16 but are sufficiently elastic to assume substantially straight configurations 
when retracted through the guide bores 26 and into the catheter 1 1 and maintained 
in a taut state under a small amount of proximally directed pressure. (See Figure 
2a) However, when these prefomied wire members are extended or advanced 
through the guide bores 26 and out of the distal end DE of the catheter ii; and 
relieved of the surrounding restraint of the catheter 1 1 and the proximally-directed 
tension, they will resiliently self-coil into the generally frustoconical shape of the 
20 helical basket 16. 

To facilitate the desired advancement and retraction if these preformed wire 
members 20. the proximal ends of these members 20 are attached to the distal end 
of a tongitudinally slidable actuator 24 which is positioned within the lumen 22 of the 
catheter body 12. A hollow actuator lumen 22a extends through the actuator 24 
and is in axial alignment with the lumen 22 of the catheter body 12. The shaft of the 
actuator 24 has a wire braid or coil 25 formed therein to impart stiffness and 
strength. A distal tip member 28 is fomied on the distal end DE of the catheter body 
12. such distal tip member 28 having a hollow tip member lumen 22TM which 
extends longitudinally through the center thereof, and four (4) wire passage bores 
26 which also extending longitudinally therethrough, at radially spaced-apart 
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locations (i.e., the 3. 6, 9 and 12 o'clock positions). The distal tip member 28 may 
be formed of material which is more rigid than the catheter body 12 and may have 
a proximal portion 40 of reduced diameter which is inserted into the distal end DE 
of the catheter body lumen 22. as shown in Figures 2a. 2b and 2d. Each of the four 
(4) preformed segments 20 which form the obstructive matter capturing receptacle 
14, when advanced out of the catheter 11 must pass through a respective one of 
the wire passage bores 26 formed in the catheter lip member 28. Rgure 2d' shows 
an alternative construction of the distal tip member wherein four (4) cut-out notches 
26A,T are formed at the 3. 6, 9 and 12 o'clock positions to serve as. discrete guide 
wire passageways for the individual wire segments 20, in lieu of the wire passage 
bores 26. 

A proximal actuator shaft 24' extends to a housing 13 formed on the proximal 
end of the catheter, and such proximal actuator shaft 24' may be manually 
advanced and retracted to control deployment and retraction of the obstructive 
matter capturing receptacle 14. A contrast medium injection port 15 is also formed 
don the proximal housing 13, for injection of radiographic contrast medium through 
the lumen 22 and out of the distal end DE of the catheter 1 1. In this regard, it is 
preferable that the outer diameter of the guidewire GW be at least slightly less than 
the inner diameter of the lumen 22 to permit some radiographic contrast medium 
to pass through the lumen 22 and out of the distal end of the catheter even when 
the guidewire is positioned within the lumen. Also, radiographic contrast solutions 
(i.e., dyes) of minimal viscosity may be selected to enhance the ability of the 
contrast medium to pass through the lumen 22 while the guidewire GW is 
positioned therewithin. 

When the actuator 24 is withdrawn in the proximal direction, it will pull the 
wire segments 20 in the proximal direction, through the wire passage bores 26 and 
into the lumen 22 of the catheter. When the actuator 24 is fully retracted, as shown 
in Figure 2a. the segments 20 will be drawn fully through the wire passage bores 26 
and will assume substantially straight configurations, and the nose cone 30 
mounted on the distal end of the obstructive matter capturing receptacle will be in 
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direct abutment with the catheter tip member 28 such that the hollow nose cone 
lumen 22NC is in axial alignment with the distal tip lumen 22DT and the lumen 22 
of the catheter body 12. 

Second Embodiment 

Figures 3b and 3b' show a second embodiment of an over-lhe-wire catheter 
device 1 0' which differs from the first embodiment 1 0 in several ways. For example, 
the obstructive matter-capturing receptacle (not shown) of this second embodiment 
is fonned by only two (2) wire members 20* instead of four (4) as in the first 
embodiment 10. Also, the catheter 11' of this second embodiment.incorporates an 
elongate distal segment 270 of reduced diameter and increased flexibility-similar 
to that of the commercially available microcatheters (e.g.. Prowler™ microcatheter. 
Cordis Endovascular Systems. Miami Lakes. Florida), an example of which Is shown 
in Figure 3a and generally comprises a proximal portion PP having a lumen L and 
a distal segment 270 having a lumen 271 which is continuous with the lumen L of 
the proximal portion PP. 

With specific reference to Figures 3b and 3b'. this second embodiment of the 
over the vwre embolectomy catheter device 10' comprises an elongate, pliable 
catheter 1 1' having a helical basket type obstructive matter capturing receptacle (not 
shown)similar to that of the first embodiment, but wherein the receptacle (not 
shown) is formed of only two (2) wire members. As in the above described first 
embodiment, the obstructive matter capturing receptacle (not shown) of this second 
embodiment 10' is initially retractable to a first (i.e.. stowed) configuration and is 
subsequently advanceable to second (i.e. operative) configuration which is 
essentially the same as that described above with respect to the first embodiment 
10. 

In this second embodiment, the flexible catheter 11' comprises a proximal 
portion 12' having a first diameter and first flexibility, and a distal portion 270 which 
has a second (i.e.. smaller) diameter and a second (i.e.. greater) flexibility. An 
insert member 28' having (our (4) guide bores 26' extending longitudinally 
therethrough, is positioned within the lumen 271' ol. and is coextensive with, the 
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distal portion 270 of the catheter 11'. This insert member 28* is a generally 
cylindrical member having four (4) longitudinal bores 20" extending therethrough, as 
shown in Figure 3b'. However, since the obstructive matter capturing receptacle 
(not shown) of this embodiment is fornied of only two (2) elongate members 20', the 
remaining two guide bores 26* remain unoccupied and may serve as passageways 
through which radiographic contrast medium (e.g.. dye), medicaments, perfusion 
solution or other fluid my flow. 

B. Rapid Exchange Embodiments of the Embolectomy Catheter Device: 
Figures 3d, 3d'.3e. 3e'. 3f', 3f' and 4 are illustrative of rapid exchange 
embodiments of the embolectomy catheter device 10". 10"' and 10"". These rapid 
exchange embolectomy catheter devices 10". 10"' and 10"" incorporate guidewire 
lumens which extend through only a distal portion of the catheter 11". 11"'. 1 1"" so 
as to permit the catheter 11". 1 V",i V" to be exchanged without the need for use 
of an exchange-length guidewire (i.e.. a guidewire which is long enough to allow the 
exteriorized portion of the guidewire to be longer than the catheter so that the 
catheter may be withdrawn, removed and exchanged while holding the guidewire 
in substantially fixed position. These rapid-exchange embodiments are particularly 
suited for the treatment of stroke by removing thromboemboli from small blood 
vessels of the brain (i.e.. blood vessels located on. in or around the brain), as the 
use of exchange-length guidewires may be undesirable in such delicate 
neuroradiological procedures, see, IWIorris. P.. Practical Neuroradiology. Chapter 
2. page 41 (Williams & WiWns 1997) 

Third Embodiment 

Rgures 3d and 3d' show a third embodiment (i.e., a rapid exchange type 
embodiment) of the embolectomy catheter device 10" which is similar in 
construction to the above described second embodiment 10'. but which incorporates 
a guidewire passage port 267 formed in the sidewall of the catheter 1 1 " at a spaced 
distance (e.g.. 0.5-35 cm) from its distal end. and a guidewire deflector tube 260' 
which extends from the guidewire passage port 267' to the lumen 22-. The 
guidewire deflector tube 260' has a flared distal end which is held in a centered 
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position within the lumen by a plurality of radial support members 264'. Longitudinal 
passages 266. 266(alt) are formed between the radial support members 264' to 
allow radiographic contrast medium or other fluid to flow through the lumen 22'. past 
the flared distal end of the guidewire deflector tube 260-. Selected ones of the 
longitudinal passages 266(alt) are larger than the others 266 to permit the elongate 
members 20' which fom, the obstmctive matter capturing receptacle to pass 
therethrough, as shown. The proximal end of a guidewire PEG may be inserted into 
the detal end opening DEO of the catheter 11" and. thereafter, the catheter ii" 
may be advanced In the distal direction such that the proximal end of the guidewire 
PEG will enter the flared distal end of the guidewire deflector tube 260'. and will be 
thereby deflected out of the side guidewire passage port 267', as shown. 

Fourth Embodiment 
In the fourth embodiment (i.e.. another rapid exchange embodiment) sown 
m Figures 3e and 3e'. the catheter 11- comprises a main tube 300 which has a 
proximal portion 302 of a first diameter D1 and a distal portion 304 of a second 
diameter D2. A side tube 308 is affixed to one side of the distal portion 304 of the 
main tube 300. and a guidewire passage aperture 310 is fomied into the lumen 309 
of the side tube 308. such that the lumen 309 of the side tube may be used as the 
guidewire lumen, and the distal portion of the guidewire GW which emerges from 
the side tube lumen 309 may then be passed through the separate guidewire lumen 
of the obstructive matter capturing receptacle 22 (not shown in figure 3e) and/or any 
nose cone lumen 22NC (not shown In figure 3e). as described fully hereabove. 

Fifth Embodiment 

The fifth embodiment (i.e.. another rapid exchange embodiment) of the 
embolectomy catheter device lO"" is similar in construction and operates in the 
same manner as the fourth embodiment lO'" described above, except that the main 
tube 300' of this fifth embodiment 10"" is fomied of a continuous wire 316 which is 
would in a tight helical coil, as shown. This construction of the main tube 300' may 
provide enhanced flexibility over other forms of construction. 
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C. Alternative Components and Optional Elements Which A/lay be 
Incorporated Into any Embodiment of the Embolectomy Catheter Devices: 

/. Alternative Types of Obstructive matter Capturing Receptacles: 
The embolectomy catheter devices 10. 10', 10". 10'", 10"" of the present 
invention may incorporate various types of obstructive matter capturing receptacles 
as alternatives to the helical wire basket type receptacles 14. 14' shown in Figures 
la. 2b and 4. In particular, several alternative obstructive matter capturing 
receptacles are shown in Figures 5-7. 

Rgures 5-5a show one alternative obstructive matter-capturing receptacle 
400 which comprises a plurality of elastic or superelastic wire spokes 402 which are 
preformed to a radially splayed configuration as shown, and which have a 
membranous or fabric cover 404 disposed thereon to forni an umbrella like 
structure. The membranous or fabric cover 404 may be of non-porous or porous 
configuration, and is preferably formed of material such as polyethylene, 
polytetrafluoroethyiene. polyurethane. ethylene vinyl acetate or silicone. A central 
hub is formed at the center of the spokes 402. and a guidewire lumen extends 
through such central hub such that the guidewire may pass the center of the 
receptacle 400. in the manner depicted in Figures 5 and 5a. The ends of the 
spokes 402 may have bulbs 408 formed thereon to minimize trauma to the 
surrounding blood vessel walls, as shown in Figure 5\ Or. as an alternative to such 
bulbs 408. atraumatic loops 410 may be formed on the distal ends of the spokes 
402 to prevent vascular trauma. The spokes 402 are of sufficiently small diameter 
to be retracted through a thromboembolism without causing substantial disruption 
of segmentation of the thromboembolism. Also, in the embodiment shown in Figure 
5. it will be appreciated that the spokes 402 may have a greater curvature than that 
shown, such that the free ends of the spokes 402 will not be in direct contact with 
the blood vessel wall. 

Figures 5b-5b" show another obstructive matter capturing receptacle 420 
which comprises a plurality of elastic or superelastic wire spokes 402' which are pre- 
lormed to a radially splayed configuration as shown, and a porous fabric (e.g., 
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woven, knitted, mesh or net fabric) sac 422 attached to the spokeS 402* to forni an 
umbrella-like stmcture, as shown. The material used to form this sac 422 may be 
the same microporous material as specified hereabove with respect to the 
membranous or fabric cover 404 of the embodiment shown in Figure 5. A central 
aperture 426 is fomied in the sac 422 such that a guidewire GW may be passed 
through a region among the spokes 402', and through such aperture 426, as shown 
in Figures 5b and 5b'. Draw lines 424 are attached to the free ends of the spokes 
402* and extend through the lumen of the catheter. These draw lines 424 and the 
spokes 402' are of sufficiently small diameter to be retracted through a 
thromboembolism without causing substantial disruption or segmentation of the 
thromboembolism. After the receptacle 420 has been advanced through the 
thromboembolism, it is deployed (e.g.. radially expanded) and retracted such that 
the draw lines 424 and spokes 402' will retract through and will become located 
proximal to. the thromboembolism. Thereafter, the draw lines 424 are retractable 
into the catheter to pull distal ends of the spokes 402* inwardly such that the 
proximal mouth PM of the sac will be drawn partially around the captured 
obstmctive matter in the manner shown in Figures 5b' and 5b". 

Figure 5c shows another alternative obstmctive matter capturing receptacle 
which employs a resilient, generally football shaped cage to effect radial 
expansion/contraction of a membranous or fabric cover 444. As shown, the cage 
comprises approximately six (6) elongate members 442 of preformed elastic, 
super-elastic or shape memory metal wire disposed longitudinally about a 
longitudinal axis LA. and having the membranous or fabric covering 444 disposed 
on the distal portions DP thereof. The distal ends DE of the elongate members 442 
are attached to a nose cone 446 which has a guidewire passage lumen extending 
longitudinally therethrough. When retracted into the lumen of the catheter, the 
members 442 will radially compress to a diameter which is received within the 
catheter lumen. However, when advanced out of the catheter the members 442 will 
resiliently expand to the configuration shown. The proximal portions of the 
members are sufficiently small in diameter to slice, cut or otherwise pass in the 
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proximal direction through a thromboembolism or clot without disrupting or causing 
fragmentation of the thromboembolism or clot. . 

Figures 7 and 7a show an alternative helical basket type of obstructive matter 
capturing receptacle 14" which is of the same general configuration, and operates 
in the same manner, as the helical basket type receptacles 14. 14' shown in Figures 
la and 4, but wherein the receptacle 14" is formed of a plurality of flat ribbons 500 
fonrjed of metal such as cobalt-chromium-nickel alloy (Elgiloy^". Elgiloy, Inc.. Elgin, 
Illinois), a shape memory and/or super-elastic material such as nickel-titanium alloy, 
or other suitable metal or plastic. The distal portions of the flat ribbons 500 are. 
preformed to helical configurations to form the helical basket 502. The proximal 
portions of the ribbons 500 serve as connector members 504 between the helical 
basket 502 and the catheter 1 1 . Each ribbon 500 has first and second flat surfaces 
512 and first and second edges 514. Each of the ribbons 500 is twisted 90 degrees 
at a point of transition 510 between the connector members 504 and the helical 
basket 502. This twisting of the ribbons causes a) the distal portions to be situated 
with their edges 514 in juxtaposition such that a thromboembolus contained within 
the helical basket 502 will rest upon the flat surfaces of the ribbons 500. and b) the 
proximal portions to be situated with their edges aimed in the proximal direction to 
facilitate retraction of the distal connector members 504 through the 
thromboembolus without causing the thromboembolus to be substantially 
fragmented or disrupted. 

Optional Guide Catheter/Proximal Obstructive Matter Retaining Member: 
As Illustrated in figure 6, it may be desirable to use the embolectomy catheter 
devices 10. lO*. 10". 10'". 10"" in conjunction with a guide catheter 50 through 
which the embolectomy catheter 11 may be advanced. When such guide catheter 
50 id used, a proximal obstnictive matter retaining member 52, such as a tubular 
sheath having a radially flared and splayabte distal end as shown in Figure 5a, may 
be advanced out of the distal end DE of the guide catheter 50 such that the clot C 
or other obstructive matter may be captured between the distal obstructive matter 
receiving portion 16 of the receptacle 14 and the flared distal end of the proximal 
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adlameterof0.006-0.018lnchesandalengthwhichishotni)^ 
length of ,he microcatheter 265 (i.e.. -not an "exchange-len^^" guidewire) is 
advanced from the lumen 271 of the microcatheetr 265 until its distal tip DT has 
passed through the clot C as shown in Figure 9a. 

Threrafter. the operator will hold the proximal end of the guidewire GW to 
prevent longitudinal retraction of the guidewire GW while retracting and removina 
the rapKl exchange microcatheter 265. This allows the guidewire GW to remain in 
Its operative position as shown in Rgure 9a. 

Thereafter, as shown in Figure 9b. the exteriorized proximal end of the 
gu.dew.re is inserted into the distal end opening DEO of the the rapid exchange 

rZ^T^ r^'" '"^"^^ ^^^^"^'"9 --P^-le is 

retracted to .ts first configuration (Rg.2a) within the distal portion of the catheter l r 

As the catheter is advanced in the distal direction over the guidewire GW the 

guKfewire Will be deflected by the guklewiredeflection tube 260-(see Figure 

the proximal end of the guidewire will emerge out of the side guidewire passage 

ap«1ure267ofthecatheter11^ The catheterir. is advanced throughrc^^^^ 
such that the distal end opening DEO of the catheter 1 1 " is located downstream oi 
the Clot C but still proximal to (i.e.. upstream of) the distal tip DT of the guidewire 

^r^n of the rap.d exchange catheter 1 1 " (i.e.. the portion of the catheter proximal ' 
to the gu.dewire passage aperture 267'). as shown. 

Thereafter, as shown in figure 9d. the actuator 28 is advanced in the distal 
d.ect.on to cause the two (2) wire members 20' which form the obstructive matter 
captunng receptacle 14' to advance out of the distal end of the catheter 1 r such 
that the nose cone 30' remains upon the guidewire GW. In this manner the 
obstn^ctive matter captunng receptacle 14' is fully deployed to its second or 
operative configuration at a location distal to (I.e.. downstream oO the clot C (Figure 



Thereafter, the rapid exchange embolectomy catheter 1 1' is retracted in the 
prox,mal d,rection to cause the proximal connector members 18' of the obstructive 
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matter capturing receptacle 14' to pass through the clot, and to further cause the 
clot to be received within the concave or cavernous interior of the helical basket 16* 
of the receptacle 14*. The dot C is then removed by retraction of the catheter 1 r. 
in the same manner shown and described above and shown in Rgures 8e and 8f.. 
! It is to be appreciated that the invention has been described herein with 

reference to certain exemplary embodiments only, and no effort has been made to 
exhaustively describe each an every possible embodiment of the invention. Indeed, 
as those skilled In the art will appreciate, various additions, deletions, modifications 
and/or alterations may be made to he above described embodiments without 
departing from the spirit and scope of the invention. It is intended that all such 
additions, deletions, alterations and modifications be included within the scope of 
the following claims. 
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What is claimed is: 
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1 . An embolectomy catheter device for removing a blood clot or other 
obstructive matter from a blood vessel, said device comprising: 

an elongate flexible catheter body having a proximal end. a distal end. and. 
a guidewire lumen which extends longitudinally through at least a portion thereof; 

an obstructive matter capturing receptacle which is initially disposed in a first 
stowed configuration which is passable through the obstructive matter, and is 
subsequently deployable to a second radially expanded configuration; 

said obstmctive matter capturing receptacle having a guidewire lumen which 
extends longitudinally therethrough in alignment with the guidewire lumen of said 
catheter body, such that the obstmctive matter capturing receptacle and the 
catheter body may be advanced over a previously positioned guidewire. 

2. The embolectomy catheter device of Claim 1 wherein the obstructive matter 
capturing receptacle is sufficiently porous to allow blood to flow therethrough, but 
sufficiently non-porous to prevent a blood clot from passing therethrough. 



1 3. The embolectomy catheter device of Claim 2 wherein said obstnjctive matter 

2 capturing receptacle has openings of 100-1000 microns formed therein, to provide 



a porosity of 25% to 90% 
4. 



The embolectomy catheter device of Claim 1 wherein the obstnjctive matter 
capturing receptacle is fomied of pre-fonned. elastic material which collapses to 
said first configuration when retracted into the catheter, and expands to said second 
configuration when advanced out of said catheter. 
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I 5. The embolectomy catheter of Claim 4 wherein the obstructive matter 
capturing receptacle is formed of a material which is superelastic at body 



2 

3 temperature 



1 6. The embolectomy catheter of Claim 5 wherein the obstructive matter 

2 capturing receptacle is formed of a nickel-titanium alloy which is superelastic at 

3 body temperature. 



7. The embolectomy catheter device of Claim 1 wherein; 
the catheter further comprises a plurality of member guide passageways 

which extend through the distal end of the catheter; 

the obstructive matter capturing receptacle comprises a plurality of elongate, 
members which are preformed to generally helical configurations, and which extend 
through the guide passageways formed in the distal end of the catheter; 

said elongate members being retractable in a proximal direction through said 
guide passageways whereby they will assume substantially straight configurations; 
9 and, 

said elongate members being advanceable in a distal direction through said 
guide passageways such that they will assume their generally helical configurations 
and will form said generally concave dot capturing receptacle. 

8. The embolectomy catheter device of Claim 7 further comprising a tip 
member formed on the distal ends of said elongate members, said guidewire lumen 
of the receptacle extends through said tip member. 

9. The embolectomy catheter device of Claim 1 further comprising : 
a proximal connector formed on the proximal end of the catheter body, said 

proximal connector having an injection port formed therein to permit radiographic 
contrast medium to be injected through a lumen of the catheter body while a 
guidewire is positioned within the guidewire lumen of the catheter body. 
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1 1 6. The embolectomy catheter device of Claim 1 5 wherein the guidewire 

2 deflector comprises a curved guidewure deflector tube having a proximal end 
positioned at the guidewire passage aperture and a distal end positioned within the 

4 guidewire lumen of the catheter such that the proximal end of the guidewire will be 

5 received within the distal end of the curved guidewire deflector tube and will 

6 thereafter pass through the curved guidewire deflector tube and out of the guidewire 

7 passage aperture. 

1 1 7. The embolectomy catheter device of Claim 1 6 wherein the distal end of the 

2 curved guidewire deflector tube is larger in diameter than the rest of the curved 

3 guidewire deflector tube to facilitate entry of the proximal end of the guidewire into 

4 the distal end of the cun/ed guidewire deflector tube. 

1 1 8. The embolectomy catheter device of Claim 1 6 wherein at least one support 

2 member is attached to the distal end of the curved guidewire deflector tube to hold 

3 the distal end of the curved guidewire deflector tube in a substantially centered 

4 position within the guidewire lumen of the catheter. 



1 19. 



The embolectomy catheter device of Claim 1 7 wherein the guidewire lumen 
additionally extends through the portion of the catheter proximal to the guidewire 
passage aperture and is used for injection of radiographic contrast medium as well 
as for passage of the guidewire. and wherein at least one flow passageway is 

5 fonned adjacent the distal end of the curved guidewire deflector tube to allow 

6 radiographic contrast medium to flow past the curved guidewire deflector tube and 

7 out of the distal end of the catheter. 



I 20. 



2 



The embolectomy catheter device of Claim 1 wherein the catheter body is 



of greater flexibility near its distal end than near its proximal end 
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The embolectomy catheter device of Claim 20 wherein at least a portion of 
the catheter body between Its proximal and distal ends is of gradually increasing 
flexibility over its entire length. 

22. The embolectomy catheter device of Claim 20 wherein the catheter body 
comprises at least two discrete regions of differing flexibility. 

23. The embolectomy catheter device of Claim 20 wherein the catheter body 



2 comprises at least two discrete regions of differing diameter. 



1 24. 



The embolectomy catheter device of Claim 23 wherein said discrete regions 



of differing diameter are also of differing flexibility. 



1 25. The embolectomy catheter of Claim 1 wherein the obstnjctive matter 

2 capturing receptacle and catheter body are constructed so as to be extractable. with 

3 the removed obstructive matter, through a percutaneous vascular access tract. 

1 26. A rapid exchange microcatheter comprising: 

2 an elongate, flexible catheter having a proximal end and a distal end. said 

3 cat'^eter having greater flexibility near its distal end than near its proximal end; 

4 a lumen which extends longitudinally through the catheter; and. 

5 a guidewire passage aperture formed in the catheter a spaced distance 

6 proximal to the catheter's distal end such that the proximal end of a guidewire, 

7 which has been inserted into the distal end of the catheter lumen, may pass out of 

8 the guidewire passage aperture such that the guidewire extends only through a 

9 distal portion of the catheter lumen. 

1 27. The rapid exchange microcatheter of Claim 26 further comprising a 
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guidewire deflector positioned within the catheter lumen and configured to deflect 
the proximal end of a guldewire out of the guidewire passage aperture, as the 
catheter is advanced in the distal direction over the guidewire. 



1 28. The rapid exchange catheter device of Claim 27 wherein the guidewire 

2 deflector comprises a curved guidewire deflector tube having a proximal end 
positioned at the guidewire passage aperture and a distal end positioned within the 
lumen of the catheter such that the proximal end of the guidewire will be received 
within the distal end of the cun^ed guidewire deflector tube and will thereafter pass 
through the curved guidewire deflector tube and out of the guidewire passage' 

7 aperture. 



5 
6 
7 



29. The rapid exchange microcatheter of Claim 28 wherein the distal end of the 
curved guidewire deflector tube is larger in diameter than the rest of the curved 
guidewire deflector tube to facilitate entry of the proximal end of the guidewire into 
the distal end of the curved guidewire deflector tube. 

30. The rapid exchange microcatheter device of Claim 28 wherein at least one 
support member is attached to the distal end of the curved guidewire deflector tube 
to hold the distal end of the curved guidewire deflector tube in a substantially 
centered position within the guidewire lumen of the catheter. 



1 31 
2 
3 
4 



The rapid exchange microcatheter device of Claim 30 wherein the 
catheter lumen extends through the portion of the catheter proximal to the guidewire 
passage aperture and is used for injection of radiographic contrast medium as well 
as for passage of the guidewire. and wherein at least one flow passageway is 
fomied adjacent the distal end of the curved guidewire deflector tube to allow 
radiographic contrast medium to flow past the guidewire deflector tube and out of 
the distal end of the catheter. 
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32. The rapid exchange micfocatheter.of Claim 31 wherein the catheter body 
comprises at least two discrete regions of differing flexibility. 

33. The rapid exchange microcatheter of Claim 32 wherein the catheter body 
comprises at least two discrete regions of differing diameter. 

34. The rapid exchange microcatheter of Claim 33 wherein said discrete regions 
of differing diameter are also of differing flexibility. 

35. A system for removing obstructive matter such as a clot from a blood vessel 
of the brain of a mammalian patient, said system comprising: 

a guidewire which has a proximal end and a distal end; 

a microcatheter which comprises an elongate, flexible tube having a proximal 
end and a distal end. said tube having i) a proximal portion of a first diameter, ii) a 
distal portion of a second diameter smaller than said first diameter iii) a lumen which 
extends longitudinally through the tube; and. 

an embolectomy catheter device which comprises I) an elongate flexible 
embolectomy catheter body having a proximal end. a distal end. and a guidewire 
lumen which extends longitudinally through at least a portion thereof; and. ii) an 
obstructive matter capturing receptacle which is initially disposed in a radially 
collapsed configuration and is subsequently deployable to a radially expanded 
configuration wherein it has a proximal opening through which at least a portion of 
the obstructive matter may be received within the obstructive matter capturing 
receptacle; 

said guidewire. microcatheter and embolectomy catheter being relatively 
sized and configured to remove said obstructive matter by a procedure which 
comprises the steps of: 

A. inserting the microcatheter into the patient's vasculature and 
advancing the microcatheter to a location near the obstructive matter; 
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injecting radiographic contrast medium through the rhicrocatheter 
lumen under radiographic visualization to obtain an angiogram of the 
vasculature in the area of the obstructive matter; 
advancing the guidewire to a desired operative position wherein i) the 
distal end of the guidewire has passed at least partially through the 
obstmctive matter and ii) a portion of the guidewire adjacent its 
proximal end remains located outside of the patient's body; 
withdrawing and removing the microcatheter while holding ttie portion 
of the guidewire which remains outside of the paUenfs body to 
prevent the guidewire from undergoing substantial longitudinal 
retraction during the withdrawal and removal of the microcatheter; 
inserting the proximal end of the guidewire into the distal end of the 
embolectomy catheter with the obstructive matter capturing receptacle 
being disposed in its radially collapsed configuration; 
advancing the embolectomy catheter device in the distal direction 
over the guidewire until the distal end of the embolectomy catheter 
has passed at least partially through the obstructive matter ; 
deploying the obstructive matter capturing receptacle to its radially 
expanded configuration; 

retracting at least the obstructive matter capturing receptacle to cause 
at least a portion of the obstructive matter to be received within the 
"^^^"^^^ "tatter capturing receptacle through the proximal opening 
thereof; and, 

withdrawing the embolectomy catheter device and the obstructive 
matter, thereby removing the obstructive matter from the position in 
which it had been lodged. 
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36. The system of Claim 35 wherein the obstructive matter capturing receptacle 
and the embolectomy catheter body are constructed such that Step 1 of the 
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procedure may be accomplished by withdrawing the embolectomy catheter device 
and the removed obstructive matter through a percutaneous puncture tract. 



« 37. The system of Claim 35 wherein the obstmctive matter capturing member of 
2 the embolectomy catheter device has a guidewire passage opening which extends 



longitudinally therethrough, said guidewire passage opening being aligned with the 
guidewire lumen of the embolectomy catheter body such that when the 
embolectomy catheter device is advanced in the distal direction in Step F of the 
procedure, the guidewire will pass through the guidewire passage opening of the 
obstructive matter capturing receptacle as well as through the guidewire lumen of 
8 the embolectomy catheter body. 

1 38. The system of Claim 35 wherein at least a proximal portion of the obstmctive 

2 matter capturing receptacle is adapted to be drawn about the obstructive matter to 
a.d .n the containment of the obstructive matter by the obstructive matter capturing 
receptacle, said obstructive matter capturing receptacle being thereby constmcted 
such that Step H of the procedure may further comprise causing at least a proximal 
portion of the obstructive matter capturing receptacle to be drawn about the 
obstructive matter after at least a portion of the obstructive matter has been 
received within the obstructive matter capturing receptacle to aid in the containment 
of the obstructive matter by the obstructive matter capturing receptacle. 

39. The system of Claim 35 wherein the system further comprises: 

a proximal catheter through which said embolectomy catheter device is 
advanced, said proximal catheter comprising a flexible tube which has a lumen 
extending longitudinally therethrough, and wherein said proximal catheter is sized 
and configured relative to said obstructive matter capturing receptacle such that 
Step I of the procedure may comprise I) withdrawing said embolectomy catheter 
device and the obstructive matter such that at least a portion of the obstructive 
matter will be received within the proximal catheter and. thereafter, ii) withdrawing 



the proximal catheter along with withdrawal of the'embolectomy catheter device to 
effect removal of the obstructive matter. 

40. The system of Claim 35 wherein the proximal catheter further comprises a 
proximal obstructive matter receiving member which is deployable from the distal 
end of the proximal catheter, such that Step I of the procedure may further comprise 
I) deploying the proximal obstructive matter receiving member from the proximal 
catheter and ii) withdrawing the embolectomy catheter device such that the 
obstructive matter will be substantially captured between the obstructive matter 
capturing receptacle and said proximal obstructive matter receiving member. 

41 . The system of Claim 35 wherein the obstructive matter capturing receptacle 
comprises i) a distal obstructive matter containment portion and ii) at least one 
proximal strut which extends between the obstructive matter containment portion 
and the embolectomy catheter body when the obstructive matter capturing 
receptacle is deployed to its operative, radially expanded configuration, said at 
least one proximal member being sized and configured to pass through the 
obstructive matter such that, when the obstructive matter capturing receptacle is 
retracted in Step H. said at least one proximal member will pass through the 
obstructive matter. 

42. The system of Claim 35 wherein the embolectomy catheter body comprises 
at least two discrete regions of differing flexibility. 

43. The system of Claim 35 wherein the embolectomy catheter body comprises 
at least two discrete regions of differing diameter. 



44. The system of Claim 43 wherein said discrete regions of differing diameter 
are also of differing flexibility. 



wo 99/56801 



PCT/US99/09S66 



-38- 

45. The system of Claim 35 wherein the microcatheter catheter body comprises 
at least two discrete regions of differing flexibility. 

1 46. The system of Claim 35 wherein the microcatheter catheter body comprises 

2 at least two discrete regions of differing diameter. 



1 47. 



2 



10 
11 
12 
13 



16 
17 
18 



The system of Claim 46 wherein said discrete regions of differing diameter 



are also of differing flexibility. 



1 48. A method for removing a bloodflow-obstructing blood clot or other obstmctive 

2 matter from a blood vessel located on. in or around the brain of a mammalian 

3 patient, said method comprising the steps of: 

* A. providing an embolectomy catheter device which comprises i) an 

5 elongate flexible embolectomy catheter body having a proximal end 

6 and a distal end. and. ii) a obstructive matter capturing receptacle 
J which is initially disposed in a radially collapsed configuration and is 

subsequently deployable to a radially expanded configuration wherein 
it has a proximal opening through which at least a portion of the 
obstructive matter may be received within the obstructive matter 
capturing receptacle, and iii) a guidewire lumen which extends 
through said obstructive matter capturing receptacle and through at 
least a portion of the embolectomy catheter body; 
'4 B. providing a guidewire which has a proximal end and a distal end. said 

guidewire being sized for percutaneous insertion into the vasculature 
of the patient subsequent transluminal advancement to an operative 
guidewire position whereat the distal end of the guidewire has 
traversed at least partially through the lodged blood obstructive 
matter; 

20 C. percutaneously inserting the guidewire and advancing the guidewire 

^ ' to said operative guidewire position ; 
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26 matter; 

27 F 



4 



causing the guidewire to be received within the guidewire lumen of the 
embolectomy catheter device and advancing the embolectomy 
catheter device over the guidewire until the distal end of the 
embolectomy catheter body has traversed the lodged obstructive 



deploying the obstructive matter capturing receptacle to its radially 
2* expanded configuration; 

retracting at least the obstructive matter capturing receptacle in the 
proximal direction to cause at least a portion of the obstructive matter 
to be received within the obstmctive matter capturing receptacle; and. 
withdrawing the embolectomy catheter device, the guidewire and the 
obstructive matter, thereby restoring blood flow to the blood vessel 
within which the obstnjctive matter had been lodged. 



29 F. 
30 
31 
32 
33 
34 



« 49. The method of Claim 48 wherein, prior to Step C. the method further 
2 comprises: 
3 



injecting an first quantity of radiographic contrast medium under radiographic 
visualization to radiographically verify the location at which the obstructive matter 
is presently lodged. 

50. The method of Claim 49 wherein the first quantity of radiographic contrast 
medium is injected through a separate microcatheter. and wherein the method prior 
to Step D comprises the additional steps of : 

providing a microcatheter which comprises an elongate, flexible tube having 
a proximal end and a distal end. said tube having i) a proximal portion of a first 
diameter, ii) a distal portion of a second diameter smaller than said first diameter iil) 
at least one lumen which extends longitudinally through the tube; 

causing the guidewire to be received within the lumen of the microcatheter 
and advancing the microcatheter and guidewire until the distal end of the 
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1 0 microcatheter is located near the location at which the obstnjctive matter is believed 

11 to be lodged; 

•2 injecting the first quantity of radiographic contrast medium through the lumen 

13 of the microcatheter under radiographic visualization to radiographically verify the 

14 location at which the obstructive matter is presently lodged; 

' 5 further advancing the guidewire through the microcatheter until the guidewire 

16 has reached the operative guidewire location whereat its distal end has at least 

1 7 partially traversed the obstmctive matter; 

' * holding the guidewire at said operative guidewire location while withdrawing 

19 the microcatheter from the patients body; and. therafter. 

20 proceeding with Steps D through G of the method. 

1 51 . The method of Claim 48 wherein the microcatheter is a rapid exchange 

2 microcatheter which further comprises; 

3 a guidewire passage aperture formed in communication with the lumen of the 

4 microcatheter at a spaced distance proximal to the catheter's distal end. and 

5 wherein the step of causing the guidewire to be received within the lumen of the 

6 microcatheter further comprises causing the proximal end of the guidewire to 

7 emerge out of the guidewire passage aperture such that the guidewire extends only 

8 through a distal portion of the microcatheter lumen, and. wherein. 

9 the guidewire comprises a non-exchange-length guidewire. 

1 52. The method of Claim 48 wherein the obstructive matter capturing receptacle 

2 of the embolectomy catheter device comprises a distal obstructive matter receiving 

3 portion which has a proximal opening and at least one proximal strut member which 

4 extends between the embolectomy catheter body and the distal obstructive matter 

5 receiving portion of the receptacle, and wherein Step F of the method further 

6 comprises: 

7 retracting at least the obstructive matter capturing receptacle in the proximal 

8 direction such that its at least one proximal connector member will pass through the 
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9 Obstructive matter and least a portion of the obstructive matter will be received 

10 within its distal obstructive matter capturing portion. 
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53. The method of Claim 48 wherein Step H is accomplished by withdrawing the 
embolectomy catheter device and the removed obstructive matter through a 
percutaneous vascular access tract. 



1 54. The method of Claim 53 wherein the embolectomy catheter is inserted 

2 through a percutaneous vascular access tract and wherein Step H is accomplished. 



by withdrawing the embolectomy catheter device and the removed obstructive 
matter through the same percutaneous vascular access tract through which the 
embolectomy catheter was inserted. 



1 55. An embolectomy catheter device for removing a blood clot or other 

2 obstructive matter from a blood vessel, said device comprising: 
an elongate flexible catheter body having a proximal end. a distal end, and 

a guidewire lumen which extends longitudinally through at least a portion thereof; 

an obstructive matter capturing receptacle which is initially disposed in a first 
stowed configuration which is passable through the obstructive matter, and is 
, subsequently deployable to a second radially expanded configuration; 

said obstructive matter capturing receptacle comprising a distal obstructive 
matter receiving portion and at least one proximal strut which extends from the 
catheter body to the distal obstmctive matter receiving portion of the receptacle: 
said at least one proximal strut being configured to be passable through a 
12 blood clot when retracted in the proximal direction. 

1 56. The embolectomy catheter device of Claim 55 wherein the obstructive matter 

2 capturing receptacle is sufficiently porous to allow blood to flow therethrough, but 

3 sufficiently non-porous to prevent a blood clot from passing therethrough. 
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1 57. The embolectomy catheter device of Claim 56 wherein said obstructive 

2 matter 

3 capturing receptacle has openings of 1 00-1 000 microns formed therein, to provide 

4 a porosity of 25% to 90%. 

1 58. The embolectomy catheter device of Claim 55 wherein the obstructive matter 

2 capturing receptacle is at least partially formed of pre-fomned. elastic material which 

3 collapses to said first configuration when retracted into the catheter, and expands 

4 to said second configuration when advanced out of said catheter. 

1 59. The embolectomy catheter of Claim 58 wherein the obstructive matter 

2 capturing receptacle is fomied at least partially of a material which is supereiastic 

3 at body temperature. 



1 60. The embolectomy catheter of Claim 59 wherein the obstructive matter 

2 capturing receptacle is fonned of a nicl<el-titanium alloy which is supereiastic at 
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body temperature. 



61 . The embolectomy catheter device of Claim 55 wherein; 

the catheter further comprises a plurality of member guide passageways 
which extend through the distal end of the catheter; 

the obstmctive matter capturing receptacle comprises a plurality of elongate 
members having distal portions which are preformed to assume the configuration 
of the distal obstructive matter receiving portion of the receptacle and proximal 
portions which form said at least one strut, said elongate members extending 
through the guide passageways formed in the distal end of the catheter. 

said elongate members being retractable in a proximal direction through said 

1 0 guide passageways whereby they will assume substantially straight configurations- 

1 1 and: 
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said elongate members being advanceable in a distal direction through said 
guide passageways such that they will fomTsaid distal obstructive matter receiving 



14 portion and said at least one proximal strut. 



62. The embolectomy catheter device of Claim 55 further comprising a tip 
member formed on the distal ends of said elongate members, said guidewire lumen 
of the receptacle extends through said tip member. 

63. The embolectomy catheter device of Claim 55 further comprising: 

a proximal connector fomied on the proximal end of the catheter body, said 
proximal connector having an injection port formed therein to pennit radiographic 
contrast medium to be injected through a lumen of the catheter body while a 
guidewire Is positioned within the guidewire lumen of the catheter body. 

64. The embolectomy catheter device of Claim 55 wherein said struts are 
configured and positioned to pass through a clot when withdrawn therethrough in 
a proximal direction, but the distal obstructive matter receiving portion of the 
receptacle is sufficiently dense to prevent that clot from passing therethrough. 

€5. An over the wire embodiment of the embolectomy catheter of Claim 55 
wherein the guidewire lumen extends longitudinally through substantially the entire 
catheter body. 



! 66 
2 
3 
4 



A rapid exchange embodiment of the embolectomy catheter of Claim 55 
wherein the catheter further comprises a guidewire passage aperture formed in the 
catheter a spaced distance proximal to the catheter's distal end. and wherein the 
guidewire lumen extends within the catheter at least from the guidewire passage 
aperture to the distal end of the catheter. 



67. The embolectomy catheter device of Claim 66 further comprising a guidewire 
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deflector positioned within the guidewire lumen and configured to deflect the 
proximal end of a guidewire out of the guidewire passage aperture, as the catheter 
is advanced in the distal direction over the guidewire. 



I 68. 



The embolectomy catheter device of Claim 67 wherein the guidewire 



deflector comprises a curved guidewure deflector tube having a proximal end 
positioned at the guidewire passage aperture and a distal end positioned within the 
guidewire lumen of the catheter such that the proximal end of the guidewire will be 

5 received within the distal end of the curved guidewire deflector tube and will 

6 thereafter pass through the curved guidewire deflector tube and out of the guidewire 

7 passage aperture. 

1 69. The embolectomy catheter device of Claim 68 wherein the distal end of the 

2 curved guidewire deflector tube is larger in diameter than the rest of the curved 
guidewire deflector tube to facilitate entry of the proximal end of the guidewire into 

4 the distal end of the curved guidewire deflector tube. 

1 70. The embolectomy catheter device of Claim 68 wherein at least one support 

2 member is attached to the distal end of the curved guidewire deflector tube to hold 

3 the distal end of the curved guidewire deflector tube in a substantially centered 

4 position within the guidewire lumen of the catheter. 

1 71 . The embolectomy catheter device of Claim 66 wherein the guidewire lumen 

2 additionally extends through the portion of the catheter proximal to the guidewire 

3 passage aperture and is used for injection of radiographic contrast medium as well 

4 as for passage of the guidewire. and wherein at least one flow passageway is 

5 .forrried adjacent the distal end of the curved guidewire deflector tube to allow 

6 radiographic contrast medium to flow past the cun/ed guidewire deflector tube and 

7 out of the distal end of the catheter. 
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1 72. The enibolectomy catheter device of Claim 55 wherein the catheter body is 

2 of greater flexibility near its distal end than near its proximal end. 

1 73. The embolectomy catheter device of Claim 72 wherein at least a portion of 

2 the the catheter body between its proximal and distal ends is of gradually 

3 increasing flexibility over its entire length. 

1 74. The embolectomy catheter device of Claim 72 wherein the catheter body 

2 comprises at least two discrete regions of differing flexibility. 

1 75. The embolectomy catheter device of Claim 72 wherein the catheter body 

2 comprises at least two discrete regions of differing diameter. 

1 76. The embolectomy catheter device of Claim 75 wherein said discrete regions 

2 of differing diameter are also of differing flexibility. 

1 77. The embolectomy catheter of Claim 55 wherein the obstnjctive matter 

2 capturing receptacle and catheter body are constmcted so as to be extractable. with 

3 the removed obstructive matter, through a percutaneous vascular access tract. 
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